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Twenty-four new submi l l imeter  l a s e r  l i n e s  i n  f u l l y  
deuterated methyl a lcohol  (CD,OD) i n  t he  wavelength 
range from 52 t o  328 pm have been obtained i n  a Fabry- 
Perot  F I R  resonator by o p t i c a l l y  pumping the  methanol 
w i t h  a cw CO, l aser .  We have made accurate wavelength 
measurements and have determined the  r e l a t i v e  p o l a r i -  
za t i on  o f  most o f  t he  known CD,OD l a s e r  l i n e s .  The 
frequencies o f  1 3  o f  t he  s t ronges t  l i n e s  were a l so  
measured. 
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Submi l l imeter  wave l a s e r  a c t i o n  i n  f u l l y  deuterated 
methyl a lcohol  (CD,OD) was f i r s t  observed by Kon e t  a l .  
who repo r ted  e i g h t  s h o r t  wavelength l i n e s  pumped by 
l a s e r  l i n e s  i n  t h e  R-branch o f  t h e  10.4 pm band o f  COP 
(1). A new l i n e  pumped by t h e  R (18) l i n e  was obta ined 
by Duxbury and Herman a t  a wavi length o f  869 pm (2). 
Herman and Prewer (3) l a t e r  repo r ted  seven a d d i t i o n a l  
new l a s e r  l i n e s  i n  CD30D pumped by va r ious  CO, l i n e s  
from P (10) t o  R (36). I n  t h i s  work, we r e p o r t  24 
a d d i t i o f i a l  submi l l \meter  l a s e r  l i n e s  i n  CD30D i n  t h e  
wavelength range from 52 t o  328 pm. A l l  were obta ined 
by o p t i c a l l y  pumping 99% f u l l y  deuterated CD30D i n  a 1 m 
Fabry-Perot F I R  resonator  w i t h  va r ious  cw l a s e r  l i n e s  i n  
t h e  R-branches o f  t h e  9 and 10 pm bands o f  CO,. Th is  
Th is  F I R  l a s e r ,  descr ibed p r e v i o u s l y  by Sca lab r in  and 
Evenson (4), i s  use fu l  f o r  d e t e c t i n g  l a s i n g  over t h e  
wavelength range from about 35 t o  1200 pm. 

The measured wavelength, r e l a t i v e  p o l a r i z a t i o n ,  
optimum opera t i ng  pressure,  and output  power f o r  34 F I R  
CD,OD l a s e r  l i n e s  a re  l i s t e d  i n  Table I. On each pump 
l i n e ,  t h e  CO, frequency was scanned w i t h i n  t h e  g a i n  
p r o f i l e  t o  maximize t h e  F I R  ou tpu t  power. D i f f e r e n t  
optimum pump frequencies w i t h i n  t h e  same 1 i ne are denoted 
by pr ime and double-prime. The wavelength measurements 
were made w i t h  kO.1 pm accuracy by count ing t h e  modes i n  
a c a l i b r a t e d  5 mm scan o f  one end m i r r o r  o f  t h e  Fabry- 
Perot  resonator.  The p o l a r i z a t i o n s  o f  t h e  F I R  l i n e s  
r e l a t i v e  t o  t h e  CO, l a s e r  l i n e s  were determined by us ing  
a metal mesh o r  stacked p l a t e  p o l a r i z e r  i n  f r o n t  o f  t he  
F I R  detector .  Pressures were measured w i t h  a thermo- 
couple gauge c a l i b r a t e d  w i t h  a capaci tance manometer, 
and t h e  values presented i n  Table I are  those t o  o b t a i n  
maximum F I R  ou tpu t  power. Output powers were measured 
w i t h  e i t h e r  a Golay o r  p y r o e l e c t r i c  de tec to r ,  each 
prov ided w i t h  an X-cut c r y s t a l  qua r t z  f i l t e r  (0.24 mm 
t h i c k )  t o  b l o c k  t h e  COP pump r a d i a t i o n .  I n  a d d i t i o n ,  
c a l i b r a t e d  a t tenua to rs  were used t o  prevent  s a t u r a t i o n  
o f  t h e  detectors .  The s t ronges t  F I R  l i n e  obta ined i s  
t h e  184.8 pm l i n e  pumped by t h e  R (24) CO, l a s e r  l i n e .  
This  l i n e  e x h i b i t e d  approximately {he same power as t h e  
118.8 pm CH30H l i n e  i n  t h i s  same l a s e r  w i t h  optimum 
coup l i ng  f o r  each 1-ine. 

We have a l s o  measured t h e  frequency o f  13 s t rong  
1 ines.  The measurements were performed as descr ibed 
p r e v i o u s l y  (5) and are l i s t e d  i n  Table 11. 
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Since the re  are some d i f f e rences  i n  the  wavelengths 
and r e l a t i v e  p o l a r i z a t i o n s  f o r  c e r t a i n  l i n e s  as repor ted  
by var ious authors, we show these i n  Table 111. It i s  
wor th mentioning t h a t  Duxbury and Herman (2) used a 
c i r c u l a r  waveguide c a v i t y ,  wh i l e  Kon e t  a1 . (1) used an 
open s t r u c t u r e  c a v i t y  s i m i l a r  t o  ours. 

F i n a l l y ,  we want t o  mention t h a t  the  wavelengths o f  
17 l i n e s  o u t  o f  the  24 new ones obta ined are i n  the  
frequency reg ion  below 150 pm. Thus, these new l i n e s  
i n  C D S D  con t r i bu te  t o  a reg ion  o f  t he  electromagnetic 
spectrum which i s  somewhat sparse ly  populated by known 
l a s e r  l i n e s  (6). 
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Table I .  Summary of  observed submill imeter l ase r  l i n e s  from 12CD31600 pumped by 

the normal l ase r  bands of 12C1602. 
resonator under the speci f ied pump condi t ions and f o r  optimum output coupling was 

measured e i t h e r  w i t h  a Golay o r  py roe lec t r i c  detector and adjusted f o r  wavelength 

dependence. Response i s  assumed t o  be independent o f  i n t e n s i t y  l eve l  over the 

ranges used. For i n t e n s i t y  comparison, t h i s  same laser  produced 2.5 mW from 

the 118.8 pm l i n e  o f  CH,OH pumped by 22 W o f  P (36) rad ia t i on .  

F I R  l ase r  output power from the 1 n Fabry-Perot 

I 
~ 

co2 C0,OD Relat ive CD,OD F I R  Output CO, Pump Reference 

Pump Line Laser Line Polariza- Laser Press Power** Power 

Upm) t i o n  Pa(mTorr) (mw) ( W )  

344. 8* 

130.5 

86.5 
227. 7* 
314.8* 

104.3 
107.5* 
108.7 

410.7* 

52.4 
82.2 
354.2* 

87.3 

80. 5 

165.6'' 

184.8* 
298.P 
486.5 

119.1* 
124.8* 

97.5 

122.3* 

73.8 
80.5 

/ I  

I 1  

I I  

1 
I I  

/ I  

/ I  

1 1  

1 1  

I I  

I I  

I 1  

I 1  

1 

1 

1 

I /  
1 

1 
1 

1 

1 

I I  

I I  

13( 95) 

11( 85) 

14( 105) 
14(105) 
10( 75) 

21(160) 
24(180) 
17(125) 

15(115) 

10( 75) 

7( 55) 
11( 85) 

9( 65) 

18(135) 

11( 85) 

20(155) 
ZO(155) 
20(155) 

24(180) 
17(130) 

15(115) 

17(130) 

13(100) 
13(100) 

0.6 

0.008 

0.2 

0.2 

0 . 2  

0.2 

0.3 
0.2 

0.5 

0.02 
0.006 
0.2 

0.006 

0 .2  

0.08 

2 
0.4 
0.01 

0.03 
0.008 

0.03 

0 . 2  

0.005 

0.007 

27 

30 

42 
42 
42 

37 
37 
37 

37 

30 
30 
30 

30 

32 

37 
37 

32 
32 

25 

25 
25 

1 

New 

New 

1 

1 

New 

New 

New 

1 

New 

New 

3 

New 

New 

3 

1 
1 
3 

3 
New 

New 

New 

New 

New 
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RI (30)" 232.4 I I  12( 90) 

RII( 4) 124.5 1 5( 40) 

152.5 1 5( 40) 

R I I (  8) 141.3 1 7( 50) 
270.7* 1 10( 75) 

RII(38) 64.4 I I  10( 75) 

0.03 

0.01 

0.01 

0.03 

0.002 

0.003 

0.01 
0.02 

0.005 

0.002 

38 

38 

26 
26 

18 
18 

20 

13 

5 3 1  

New 

New 

New 

New 

New 

New 

New 

New 

New 

New 

' and I' i n d i c a t e  d i f f e r e n t  CO l a s e r  f requency o f f s e t s .  2 
* Frequency measured and l i s t e d  i n  Table 11. Wavelengths have been c o r r e c t e d  where 

necessary f rom frequency measurements. 

**Power o u t p u t  i s  for c o u p l i n g  t h e  pump l a s e r  t o  t h e  FIR l a s e r  w i t h  a 2 m r a d i u s  m i r r o r  

th rough a 0.75 mm d iameter  hole.  

creased by about a f a c t o r  o f  seven by use of a 0.6 m r a d i u s  m i r r o r  and a 2 mn d iameter  

c o u p l i n g  ho le .  

l i s t e d  i n  t h e  t a b l e .  

It was l a t e r  found t h a t  power o u t p u t  c o u l d  be i n -  

Optimum pressures  were then about a f a c t o r  o f  two l a r g e r  t h a n  those 
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Table 11. Summary o f  t he  CD30D frequency measurements 

~ ~~~~ 

CD30D Measured Vacuum CD3OD c02 
Laser L ine Frequency (MHz) Wavenumber Pressure Pump L ine 

107.5 

119.1 

122.3 

124.8 

165.6 

184.8 

227.7 

270.7 

298.7 

314.8 

344.8 

354.2 

410.7 

2 787 789.4 

2 518 067.7 

2 451 203.1 

2 402 224.0 

1 810 294.3 

1 622 555.2 

1 316 838.7 

1 107 337.9 

1 003 536.6 

952 203.9 

869 522.7 

846 450.3 

729 932.8 

92.990 646 

83.993 698 

81.763 335 

80.129 568 

60.384 919 

54.122 615 

43.925 013 

36.936 818 

33.474 377 

31.762 105 

29.004 156 

28.234 542 

24.347 937 

12( 90) 

14( 105) 

17(130) 

16( 120) 

5( 40) 
14( 105) 

10( 75) 

7( 55) 
11( 85) 

11( 85) 

9( 70) 

9( 70) 
15(115) 

' and " i n d i c a t e  d i f f e r e n t  C02 l a s e r  frequency o f f s e t s .  

aEstimated unce r ta in t y  i n  the  r e p r o d u c i b i l i t y  o f  t he  FIR l a s e r  frequency. 

bCalculated f rom the  measured frequency w i t h  c = 299 792 458 m/s.  

'Pressure a t  which each frequency was measured as determined by a 

thermocouple gauge cal ibrat .ed w i t h  a capaci tance manometer 

(1 Tor r  = 133.3 Pa). 
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Table 111. FIR lines from CD,OD previous to this work 

COZ Rel. This Work 
Pump Line h(pm) Polari- Ref. W m )  Rel. 

zation Polarization 

78 

339 
229 
312 
406 
354 
41 
869 
165 
184 
299 
495 
119 
35 
150 
255 

1 

1 
l l  1 

1 

3 
1 
1 
1 
1 
3 
1 
2 
3 
1 
1 
3 
3 
3 
3 
1 

344.8 
227.7 

314.8 
410.7 
354.2 

* 
* 

165.6 
184.8 
298.7 
486.5 
119.1 
* *  
* *  
* 
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* FIR laser lines at 41.4, 43.7, and 858.3 pm pumped by RI(18) and 253.7 pm 

pumped by R (36) were observed. However, these four lines lased much more 
strongly in CD,OH and, thus, probably originate from this molecule. 

I 

** These FIR laser lines did not oscillate in our laser. 




